Introduction
While studying the CARRE (4) procedure for the determination of protopectin, the writer observed that the filtrates from the calcium pectates contained a considerable quantity of a fturfural-yielding substance. At about the same time EHRLICH'S (9) preliminary paper came to the writer's attentioni. In this paper EHRLICII showed that the protopectin (he calls it "pectin") of sugar beets and a considerable number of other vegetables and fruits is split by boiling water into two fractions-"a levo-rotatory araban," and "a calcium-magnesium salt of pectic acid." A mixture of the two, called "hydrato-pectin" is obtained by boiling the plant tissues, previously freed from sugars, with water and evaporating the extract to dryness on the water batlh. The araban is then separated from the pectic substanices by extraction with 70 per cent. alcohol. The work of ElIRLICII (11) on1 sug,ar beets has been confirmed, in general, by SMOLENSKI (20) anid his co-workers.
The exact nature aind significance of EHRLICH 'S work seems not to be very w-ell appreciated by other investigators in this field. For example, MIcKINNIS (16) apparently fails to distinguish between the extraneous "araban," soluble in 70 per cent. alcohol, and the arabinose contained witili the pect-in molecule (17) . It is likewise not clear from DORE'S (8) discussion that lhe distinguished between the two. AVICKMANN (21) found a fturfural-forming complex in his pectic acid filtrates but ascribed it to disintegration of pectin. In spite of EHRLICH'S work, EMMETT (12) assumes that no alcohol-soluble substance forms from the ilnsoluble cell wall material of pears during ripening. However, she is at a loss to explain a certain unidentified constituent in the juice which makies up 20 to 30 per cent. of the dry weight.
By boiling the tissue with water, EHRLICii brought about a splitting of beet and flax protopectin into pectin and a polysaccharide. Allowing for the different nomenclature he assumed the following reaction:
protopectin + 1120 pectin + polysaccharide The polysaccharide was composed of pentose only (sugar beet) or of pentose and hexose (flax stems, 10). Since pectin increases naturally (2) The free pectin, which was insoluble in 70 per cent. alcohol, was now extracted. The dried residues were first shaken an hour with 500 cc. of 0.2 per cent. ammonium citrate solution at laboratory temperature. The purpose of the ammonium citrate was to dissolve any pectic acid which might have been formed from the pectin by pectase activity. A previous experiment showed that shakinog for 30 minutes brings about complete solution but it was continued for an hour to make certain. The extract was filtered off through soft fluted paper and an aliquot portion used for the pectin determination. The pulp was now further washed to remove the last traces of pectin. This was accomplished by washing back into the shaking bottles with 500 cc. of water or 0.2 per cent. ammonium citrate solution, in case any pectic acid was present, and shaking 30 minutes. The extract was filtered off and discarded. This process was repeated 5 to 7 times although not more than traces of pectin were ever found after the third washing.
Finally the pulp was dried as previously described with 95 per cent. alcohol and ether.
There remained in the dried residues only substances insoluible in 70 per cent. alcohol and water,-among others, protopectin. The protopectin was decomposed by covering the residues with 100 cc. of thirtieth normal hydrochloric acid (in one case 150 cc.) and heating at boiling temperature under a reflux condenser for an houir. The mixture was diluted with sufficient 95 per cent. alcohol to give a final concentration of 70 per cent. The acid was then neutralized with the calculated quantity of standard sodium hydroxide solution. The polysaccharide and the liberated pectin were again extracted with 70 per cent. alcohol and then water exactly as described for the soluble fraction. The residues were finally dried and preserved.
Chemical methods Moisture.-The samples, consisting of 3 to 5 grams of wet pulp, were dried to constant weight at 800 C. in a vacuum oven at approximately 2.5 cm. of mercury.
Determination of furfural from the, alcoholic extracts.-The combined 70 per cent. alcoholic extracts and washings, amounting to something over a liter, were evaporated in a porcelain dish on the water bath to 30-40 cc. At this point any appreciable amount of sugar in the liquid was removed by fermentation. This was found to be necessary because of the production of hydroxy-methyl-furfural (7) on distillation of hexose sugars with 12 per cent. hydrochloric acid. The presence of this furfural derivative causes the development of a dirty green color in the FLEURY and POIROT (13) method instead of the pure blue due to furfural. The sugars were fermented away with washed baker's yeast, observing the precautions suggested by ABBOTT (1). The alcoholic extracts obtained in connection with the protopectin contained inappreciable amounts of sugars and were not submitted to fermentation.
The evaporated extracts, freed from more than traces of sugar, and separated from the yeast by filtration were transferred to a 750 cc. distilling flask. This was done by washing with sufficient concentrated hydrochloric acid and water to make 200 cc. of 12 per cent. hydrochloric acid solution. The minxture was then steam distilled and the furfural collected according to the procedure of PERVIER and GORTNER (18) . Distillation was continued until ten drops of the distillate gave a negligible color with aniline acetate in acetic acid solution.
Because of the small amount of furfural in most of the distillates the usual method of determining the furfural by precipitation with phloroglucinol is unsatisfactory. Neither is the electrometric titration method of PERVIER and GORTNER (18) sufficiently sensitive. The bisulphate method of JOLLES (14) was tried but known amounts of furfural could not be recovered, quantitatively. The colorimetric method of SCHAFFER (19) was not very sensitive. The colorimetric method of YOUNGBURG and PUCHER (22) proved extremely sensitive and does not give any color with hydroxy-methylfurfural, but due to instability of the color with these distillates checks could not be obtained. Finally the colorimetric method of FLEURY and POIROT (13) was selected because of its high sensitivity and satisfactory stability of color. In this method the colors obtained from the distillate are compared with those of standards prepared from pure furfural redistilled at low pressure. The 4 cc. of reagent A to this, also. Next add to the tubes at one minute intervals, 5 cc. of reagent B. Plunge the tubes into a boiling water bath containing a "false bottom" and leave exactly one minute. Remove the tubes and allow to stand 30 minutes, when the color will have reached its maximum. The color remains at a maximum for at least 30 to 40 minutes more after which it may fade slowly. The manipulations of the colorimeter suggested by MCCRACKAN, PASSA-MANECK, and HARMAN (15) were found to simplify calculations materially.
In using the FLEURY and POIROT method several precautions should be observed. The colors themselves cannot be diluted, so the "unknown" and standard colors should match within 20 per cent. If, on comparison, this limit is found to be exceeded a new colorimetric determination must be carried out with standard or "unknown" furfural solution diluted accordingly. Also reagent A should be made of a good grade of chemicals. The acetic acid must be free from furfural. This reagent should remain clear for a number of days. A dark solution, or-one that turns dark quickly, will not give accurate color comparisons.
Pectin and pectic a.cid.-In bananas, this fraction was present entirely as pectic acid. In none of the other fruits was any pectic acid found. The pectic acid is assumed to have arisen from pectin through pectase activity. As stated above, the dried residues, after the first alcoholic extraction, were ground and shaken an hour with 0.2 per cent. ammonium citrate solution. After filtration, aliquots of the ifitrate were taken for a determination of pectin by the CARRt-HAYNES (5) method. Impurities in the calcium pectates were evaluated by the method described by APPLEMAN and CONRAD (3) .
Protopectin.-After complete removal of the soluble fraction with alcohol and water, as described in a previous section, the dried residues were boiled an hour with thirtieth normal hydrochloric acid. This converted the protopectin into pectin and liberated more of the alcohol-soluble furfural-yielding substance. After separation of the furfural-yielding substance the residue was extracted with 0.2 per cent. ammonium citrate solution, or water, and the pectin determined as calcium pectate.
Experimental results
The results of the different experiments are brought together in table I. As was to be expected, pectin increases and protopectini decreases duriligc ripening. While the sum of the pectin and protopectin fractions is not enitirely constalnt for the different stages of ripeness it nevertheless approaches a constant value and the discrepancy is possibly within the limit of the experimental error. Concurrently with the increase in pectin, there is an increase in polysaceharide as represented by furfural yield. The ratio of furfural to calcium pectate (column six) shows that the increase in polysaccharide is practically proportional to the increase in pectin, although this ratio seems to vary with the different fruits. In the protopectin fraction as protopectin decreases the polysaceharide decreases. Here, however, the ratio of furfural to calcium pectate is higher and fluctuates more, especially witli banianas. A partial explanation for the higher ratios anid greater fluctuation will be discussed in a later paragraph. The totals of calcium pectate and of furfural show a tendency either to increase or decrease progressively during ripening. This same tendency is shown by the ratios of the totals. However, the ratios here are more nearly the same for the different fruits.
Discussion of results Inspection of the ratios of furfural to the pectic substances reveals a rather close relationship. Thus during the ripening of the different fruits, pectin and polysaccharide exist free in the sap in an approximately fixed proportion. However, this ratio varies from one fruit to another. It is possible that the protopectin itself may differ slightly in the differenit fruits, either in containing a greater proportion of polysaceharide or in conltainiing a polysaceharide with a greater number of pentose units. The ratios in the protopectin fraction are, in general, higher. In bananas the ratio fluctuates greatly. However, the banana was the only fruit to show strongo pectase activity and it is quite possible that pectinase existed here also and destroyed part of the pectin so that it was not determined. The high ratios of lots III and IV are undoubtedly due to low pectin figures and not to large amounts of polysaceharide.
A factor that makes all the ratios in the protopectin fraction higher than those of the soluble fraction is the destruction of pectin that accompanies Ci It. 
